In gauge theories the standard gauge interaction is CP invariant so that the origin of CP violation always lies in the Higgs potential or the Yukawa interaction of the Higgs bosons with fermions. In the standard model with only a single Higgs doublet the only way to introduce CP violation is via complex Yukawa couplings. The simplest extension of the standard electroweak theory is to include two Higgs doublets instead of one. As a consequence there exist a variety of new sources of CP violation.
The most general Higgs potential for this case can be written
If one of µ 2 12 , λ 6 or λ 7 is complex there is explicit CP violation in the Lagrangian. In the models we discuss in this paper we assume that the Yukawa couplings are real so that the only source of CP violation comes from V (φ 1 , φ 2 ). Whether the CP violation is spontaneous or explicit the consequences of interest all depend on the phase δ in eq.(2).
A major issue with respect to multi-Higgs models is the possibility of flavor-changing processes mediated by the exchange of neutral scalar bosons (FCNE). There exist strong limits on FCNE from K 0 −K 0 and B 0 −B 0 mixing and from semi-leptonic processes like
Following a theorem of Glashow and Weinberg [2] it is often proposed to impose a discrete symmetry on the two-Higgs model under which
where D R i and U R i are the usual right-handed quarks with i = 1 − 3. As a result, only φ 2 gives mass to up quarks and only φ 1 or only φ 2 gives mass to down quarks. Thus as in the standard model the final scalar boson couplings are proportional to the mass matrix and do not change flavor. It also follows from eq. (3) that the coefficients µ and this is the only source of CP violation. In order to obtain the needed CP violation in the quark sector it is necessary to modify eq. (4) so that
for some generations and (−1) for others [3] . The consequences of such a model have been worked out in detail by Lavoura [4] , he finds this is a truly superweak [5] model with no CKM phase.
(2) The discrete symmetry defined by eqs. (3-4) is violated both in V (φ) and the Yukawa sector but the violation everywhere is small. This model discussed in detail by Liu and Wolfenstein [6] also leads to superweak CP violation but there exists in addition a non-zero CKM phase. Furthermore, the value of ǫ ′ /ǫ is greater than in generic superweak models and is expected to lie between 10 −4 and 10 −6 .
(3) One can abandon the discrete symmetry altogether and assume that an approximate family symmetry suppresses FCNE. The point here is that the smallness of the off-diagonal terms in the CKM matrix suggests that violation of flavor symmetry (described by a set of global U(1) transformations) are specified by small parameters. It then turns out that reasonable choices for these small parameters combined with the natural smallness of Higgs couplings allows one to meet the constraints on FCNE. This point made by Cheng and
Sher has recently been reemphasized by Hall and Weinberg [7] . The consequences of this general assumption have been worked out in detail [8] by considering Approximate Global U(1) Family Symmetries (AGUFS) (i.e., one for each family) and is the major subject to be emphasized in this note. Unlike Hall and Weinberg, we do not impose a particular formula for the small parameters. Of particular importance is a new source of CP violation for charged
Higgs boson interactions that can lead to a value of ǫ ′ /ǫ as large as 10 −3 independent of the CKM phase.
After spontaneous symmetry breaking it is natural to use as a basis for the neutral Higgs The original Yukawa interaction has the general form
plus a similar term in U R . Here Γ 1 , Γ 2 are matrices in flavor space and ψ L is the quark dou- We now rewrite L Y in terms of the Higgs basis of eq. (5) and the quark mass basis.
We divide the result into a term L 1 , which has no flavor-changing effects other than that expected for H ± from the CKM matrix V, and L 2 , which contains the flavor-changing effects for neutral bosons as well as small additional flavor-changing terms for H ± .
with
+(R + iI)
Where the factors ξ d j m d j arise primarily from diagonal elements of Γ 1 and Γ 2 whereas the factors µ d jj ′ arise from the small off-diagonal elements. There are four major sources of CP violation:
(1) The CKM matrix. In addition to the usual CP violation in W ± exchanges there is also in all two-Higgs models a similar CP violation in the charged-Higgs sector.
(2) The phases in the factors ξ f i provide CP violation in the charged-Higgs exchange processes that is independent of the CKM phases. These phases also yield CP violation in flavor-conserving R and I interactions. 
where m 3 is the mass, δ 3 is a phase associated with the mass, and g 1 (g 2 ) is the 33 element of Γ 1 (Γ 2 ). One gets rid of δ 3 by redefining d R3 . The corresponding coupling of (R + iI) then is derived from eqs. (5) and (6) as
If g 1 and g 2 are comparable in magnitude ξ d3 is of order unity and has a phase like δ. For example, if δ = π/2 and g 1 = g 2 then the phase of ξ d3 is π/2 independent of β. For large values of tan β and δ = π/2 one can show ξ d3 ≃ i tan β sin δ 3 e −iδ 3 so that for a range of δ 3
(corresponding to a range of g 2 /g 1 ) one can obtain an enhanced value of ξ d3 with a sizable phase. This same factor ξ d3 enters in the H ± couplings multiplied by the CKM matrix.
Some of the most distinctive features of these new sources of CP violation are [8] without conflicting with other constraints. Thus a measurement of ǫ ′ /ǫ at this level would not necessarily be due to CP violation of the CKM type.
(2) There may be significant contributions to ǫ from superweak FCNE and also from box diagrams containing H ± . This work was supported by DOE grant # DE-FG02-91ER40682.
